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ABSTRACT 



The present invention relates to a plant virus vector com- 
prising a foreign gene linked downstream of a coat protein 
gene of tobacco mosaic virus via a nucleotide sequence 
which cause the readthrough, and a plasmid which is tran- 
scribed to provide the vector, as well as a process for 
expression of a foreign gene in a plant by inoculating the 
plant with the vector. 

In addition, the present invention relates to a process for 
efficiently recovering a foreign gene product produced in a 
plant as virions. 

25 Claims, 9 Drawing Sheets 
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PLANT VIRUS VECTOR, PLASMED, 
PROCESS FOR EXPRESSION OF FOREIGN 
GENE AND PROCESS FOR OBTAINING 
FOREIGN GENE PRODUCT 

5 

HELD OF THE INVENTION 

The present invention relates to introduction of a foreign 
gene into a plant using a plant vims vector, improvement of 
plant properties and expression of a foreign gene throughout L0 
a whole plant, and a process for simply and efficiently 
obtaining a foreign gene product. 

BACKGROUND OF THE INVENTION 

It is known that plant viruses represented by tobamovirus, 1 5 
after infecting a plant, proliferate in the plant and rapidly 
spread systemically throughout the plant while producing 
viral coat protein in large amounts. 

So far, some gene engineering systems for these plant 
viruses have been constructed and some attempts have been 
carried out to introduce a foreign gene into a plant using said 
systems. For example, there is a process wherein a coat 
protein gene is replaced with a foreign gene (Takamatsu et 
al, EMBO J. $ 6:307-311 (1987)), and a process wherein a 
coat protein gene and a foreign gene are directly joined so 
as to produce a fused protein (Takamatsu et al, FEBS Lett, 
269:73-76 (1990 )). 

However, all of the plant viruses used in these known 
processes have a drawback in that they do not spread 30 
systemically in a plant (i.e., they do not have systemic 
infectivity), and thus, it is impossible to introduce a useful 
property and to produce a useful protein throughout a whole 
plant 

For a plant virus to exhibit systemic infectivity, particle 35 
formation with wild type coat protein is essential (Saito et al, 
Virology, 176:329 (1990)). As to existing plant virus vectors, 
since the coat protein is not produced (replacement-type 
vector), or the coat protein is in the form of a fused protein, 
resulting in a big change in properties (direct-joining type 40 
vector); then particles cannot be formed and systemic infec- 
tivity is not exhibited. 

In addition, where existing plant virus vectors are used to 
express a foreign gene, it is very difficult to isolate and 
purify the foreign gene product from the plant into which the 45 
foreign gene was introduced. 

The reason is that to establish (1) simple apparatus and 
economy, (2) high recovery, (3) high purity and (4) good 
reproduction, which are the goals of isolation and purifica- 
tion, a combination of operations, such as differential pre- 50 
cipitation, desalting, concentration, and various chromatog- 
raphies is essential; however, a series of these operations 
usually takes one-half to one month to complete, and they 
are often time- and labor-consuming. Even assuming these 
operations are simple and rapid, a plant includes proteins 55 
whose properties, such as molecular weight, isoelectric 
point, affinity to a solvent, are similar to those of the foreign 
gene product; and therefore it is difficult to prevent loss of 
the foreign gene product during the isolation and purification 
process. Thus, high recovery of the foreign gene product is 60 
not expected. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide plant 65 
virus vectors having the ability to systemically infect a 
whole plant; piasmids, which are transcribed to provide said 
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plant virus vectors; and a process for expressing a foreign 
gene throughout a whole plant by inoculating said plant 
virus vector into a plant. 

In addition, a process for simply and efficiently obtaining 
a foreign gene product produced in a plant is provided. 

To accomplish the above-mentioned purposes, the present 
inventors use plant virus vector wherein a foreign gene is 
linked downstream of a coat protein gene of a plant virus via 
a nucleotide sequence that causes readthrough (Skuzeski et 
al, I Mol BioL 218:365-373 (1991)); a plasmid that is 
transcribed to provide said plant virus vector; and infection 
throughout a whole plant (systemic infectivity) by inoculat- 
ing said plant virus vector into a plant so as to express the 
foreign gene throughout the whole plant. It was also found 
that introduction of a useful property into a whole plant and 
the production of a useful protein in a whole plant are 
possible, and thus, the present invention has been achieved. 

In addition the present inventors found that when a 
foreign gene product is recovered from a plant, the foreign 
gene product can be easily and efficiently recovered as viral 
particles. 

Prior to explaining the constituent features of the present 
invention, the terms used in the specification are explained 
as follows: 

Plant virus vector a replicable recombinant product 
obtainable by introducing a foreign gene into a DNA or RNA 
sequence in a plant virus. 

Readthrough: In translation of an RNA to a protein, a 
phenomenon wherein the translation does not stop at a stop 
codon, and sometimes continues to the next stop codon. This 
readthrough phenomenon is caused by a nucleotide 
sequence near the stop codon. 

Plant: in addition to an individual plant (a plant consisting 
of leaves, stem and roots); plant cells, callus, protoplast, as 
well as adventitious buds, adventitious roots and somatic 
embryos, derived from callus, are included, which are used 
as hosts for a plant virus. 

Wild coat protein: A protein essential for formation of 
virions. Although it is usually called coat protein, in the 
present invention, to distinguish it from a coat protein in a 
fused protein, it is described as wild coat protein. 

Fused protein: A protein wherein a foreign gene product 
is joined to the C-terminal of a coat protein, or a protein 
wherein a part of a coat protein is replaced with a foreign 
gene product. 

Virion: A viral genome covered with a coat protein. 

As plant viruses used in the present invention, there are 
mentioned a group belonging to DNA viruses, such as 
Caulimovirus and Gemini virus; and a group belonging to 
RNA viruses, such as Tobamovirus, Bromovirus and Cucu- 
mo virus. Particular virus species include Cauliflower mosaic 
virus belonging to Caulimovirus; Tomato golden mosaic 
virus belonging to Geminivirus; Tobacco mosaic virus 
belonging to Tobamovirus; Bromo mosaic virus belonging 
to Bromovirus; and Cucumber mosaic virus belonging to 
Cucumovirus. 

Foreign genes used in the present invention include genes 
for peptides having a pharmacological or physiological 
activity; genes for proteins which provide stress resistance 
or pest resistance to a plant; and genes for proteins which 
change flower shape or color; more particularly, genes 
coding for enkephalins, calcitonins, corticotropins, human 
epidermal growth factor, and angiotensin converting 
enzyme inhibitor (ACEI) peptides having hypotensive 
action, as shown in the following Table 1 . 
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( 2 ) INFORMATION FOR SEQ ID NO: 10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 7 amino acids 
( B ) TYPE: imino eckl 
( C ) STRANDED NESS: single 
(D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Ala Val Pro Tyr Pro Gin Ar; 

5 

( 2 ) INFORMATION FOR SEQ ID NO:ll: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDED NESS: single 
( D ) TOPOLOGY; linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Th r Thr Met Pro L c^u Trp 
5 * 

( 2 ) INFORMATION FOR SEQ ID NO:12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDED NESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ED N0:1Z 

Phc Phe Val Ala Pro 

5 



We claim: 

1. A plant virus vector comprising a viral assembly origin 
and a foreign protein gene linked downstream of a coat 
protein gene of a Tobamovirus via a nucleotide sequence of 
a Tobamovirus which causes readthrough, such that upon 
expression of the vector in a plant, the coat protein and a 
fusion protein of the coat protein and the foreign protein are 
systemically produced in the plant 

2. The plant virus vector according to claim 1, wherein 
part of the coat protein gene is lacking or replaced. 

3. The plant virus vector according to claim 1, wherein the 
nucleotide sequence which causes readthrough is UAG- 
CAAUUA or the corresponding DNA sequence TAG- 
CAATTA, UAACAAUUA or the corresponding DNA 
sequence TAACAATTA, UGACA AUUA or the correspond- 
ing DNA sequence, TGACAATTA, or UAGC ARYYA or the 
corresponding DNA sequence TAGCARYYA, wherein the 
italicized lettering indicates a stop codon, R is A or G f and 
YisCUorT. 

4. A plasmid comprising the plant virus vector according 
to claim I. 

5. The plasmid according to claim 4, wherein the nucle- 
otide sequence which causes readthrough is UAGCAAUUA 
or the corresponding DNA sequence TAGCAATTA, UAA- 
CAAUUA or the corresponding DNA sequence TAA- 
CAATTA, UGACAAUUA or the con-esrxrading DNA 
sequence TGACAATTA, or UAGCARYYA or the corre- 
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sponding DNA sequence TAGCARYYA, wherein italicized 
lettering indicates a stop codon, R is A or G, and Y is C, U 
orT 

6. The plasmid according to claim 4, wherein said plasmid 
comprises cDNA to said Tobamovirus and a promoter for 
transcribing said cDNA upstream from said cDNA. 

7. Hie plasmid according to claim 6, wherein the nucle- 
otide sequence which causes readthrough is UAGCAAUUA 
or the corresponding DNA sequence TAGCAATTA, UAA- 
CAAUUA or the corresponding DNA sequence TAA- 
CAATTA, UGACAAUUA or the corresponding DNA 
sequence TGACAATTA, or UAGCARYYA or the corre- 
sponding DNA sequence TAGCARYYA, wherein italicized 
lettering indicates a stop codon, R is A or G, and Y is C, U 
orT. 

8. The plasmid according to claim 6, wherein the pro- 
moter is the PM promoter or the T7 promoter. 

9. A process for systemically expressing a fusion protein 
of a coat protein and a foreign protein in a plant comprising 
the steps of: 

(a) inoculating a plant with a plant virus vector, wherein 
the plant virus vector comprises a viral assembly origin 
and a foreign protein gene linked downstream of a coat 
protein gene of a Tobamovirus via a nucleotide 
sequence of a Tobamovirus which causes readthrough, 
such that upon expression of the vector in the plant, the 
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coat protein and the fusion protein are systemically 
produced in the plant; and 
(b) expressing the fusion protein systemically in the plant. 

10. The process according to claim 9, wherein a part of the 
coat protein gene is lacking or replaced. 5 

11. The process according to claim 9 wherein the nucle- 
otide sequence which causes readthrough is UAGCAAUU A 
or the corresponding DNA sequence TAGCAATTA, UAA- 
CAAUUA or the corresponding DNA sequence TAA- 
CAATTA, UGACAAUUA or the corresponding DNA 10 
sequence TGACAATTA, or UAGCARYYA or the corre- 
sponding DNA sequence TAGCARYYA, wherein italicized 
lettering indicates a stop codon, R is A or G, and Y is C, U 
orT. 

12. The process according to claim 9, wherein the plant is 15 
tobacco or tomato. 

13. A process for producing a fusion protein of a coat 
protein and a foreign protein in a plant comprising the steps 
of: 

(1) inoculating a plant with a plant virus vector, wherein 
the plant virus vector comprises a viral assembly origin 
and a foreign protein gene linked downstream of a coat 
protein gene of a Tobamovirus via a nucleotide 
sequence of a Tobamovirus which causes readthrough, 
such that upon expression of the vector in a plant, the 25 
coat protein and the fusion protein of the coat protein 
and the foreign protein are systemically produced in the 
plant; 

(2) recovering virions from the plant; and 3Q 

(3) isolating the fusion protein from the virions. 

14. The plant virus vector according to claim 2, wherein 
the coat protein gene has the sequence of SEQ ID NO:5. 

15. The plant virus vector according to claim 2, wherein 
the coat protein gene has the sequence of SEQ ID NO:7. 35 

16. A virion particle comprising a coat protein of a 
Tobamovirus and a fusion protein of the coat protein and a 
foreign protein. 

17. A process for systemically expressing a fusion protein 

of a coat protein of a Tobamovirus and a foreign protein in 40 
a plant comprising the steps of: 

(a) inoculating a plant with a plant virus vector, such that 
upon expression of the vector in a plant, the coat 
protein of a Tobamovirus and the fusion protein of the 
coat protein and the foreign protein are systemically 45 
produced in the plant; and 

(b) expressing the fusion protein systemically in the plant 

18. A tobacco mosaic viral (TMV) vector comprising a 
TMV assembly origin and a foreign protein gene linked 
downstream of a TMV coat protein gene via a TMV nucle- 50 
otide readthrough sequence, such that upon expression of 
the vector in a plant, the TMV coat protein and a fusion 
protein of the coat protein and the foreign protein are 
systemically produced in the plant, wherein said 
readthrough sequence is from a 130/180K protein gene, 55 
UAGCAAUUA or the corresponding DNA sequence TAA- 
CAATTA, UAACAAUUA or the corresponding DNA 



sequence TA ACAATTA, UGACAAUUA or the correspond- 
ing DNA sequence TGACAATTA, or UAGCARYYA or the 
corresponding DNA sequence TAGCARYYA, wherein itali- 
cized lettering indicates a stop codon, R is A or G, and Y is 
C,U orT. 

19. Hie vector according to claim 18, wherein a part of the 
coat protein gene is lacking or replaced. 

20. A plasmid comprising the plant virus vector of claim 
18. 

21. The plasmid according to claim 20, wherein the 
plasmid further comprises a promoter, wherein said pro- 
moter is the PM promoter or the T7 promoter. 

22. A process for systemically expressing a fusion protein 
of a TMV coat protein and a foreign protein in a plant 
comprising the steps of: 

(a) inoculating a plant with a TMV vector comprising a 
TMV assembly origin and a foreign protein gene linked 
downstream of a TMV coat protein gene via a TMV 
readthrough sequence, such that upon expression of the 
vector in the plant, the TMV coat protein and the fusion 
protein are systemically produced in the plant, wherein 
said readthrough sequence is from a 130/1 80K protein 
gene, UAGCAAUUA or the corresponding DNA 
sequence TAGCAATTA, UAACAAUUA or the corre- 
sponding DNA sequence TAACAATAA, TGACAA- 
UUA or the corresponding DNA sequence TGA- 
CAATTA, or UAGCARYYA or the corresponding 
DNA sequence TAGCARYYA, wherein italicized let- 
tering indicates a stop codon, R is A or G, and Y is C, 

- U or T, and 

(b) expressing the fusion protein systemically in the plant. 

23. The process according to claim 22, wherein a part of 
the coat protein gene is lacking or replaced. 

24. A process for producing a fusion protein of a TMV 
coat protein and a foreign protein in a plant comprising the 
steps of: 

(1) inoculating a plant with a TMV vector comprising a 
TMV assembly origin and a foreign protein linked 
downstream of a TMV coat . protein gene via a 
readthrough sequence, such that upon expression of the 
vector in the plant, the TMV coat protein and a fusion 
protein of the coat protein and the foreign protein are 
systemically produced in the plant, wherein said 
readthrough sequence is from a 130/180K protein gene, 
UAGCAAUUA or the corresponding DNA sequence 
TAGCAATTA, UAACAAUUA or the corresponding 
DNA sequence TAACAATAA, TGACAAUUA or the 
corresponding DNA sequence TGACAATTA, or UAG- 
CARYYA or the corresponding DNA sequence TAG- 
CARYYA, wherein italicized lettering indicates a stop 
codon, R is A or G, and Y is C, U or T; 

(2) recovering virions from the plant; and 

(3) isolating the fusion protein from the virions. 

25. The process according to claim 24, wherein a part of 
the coat protein gene is lacking or replaced. 
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for a period of 3-months due to possible interference. 
This allows a period of 2 months to complete any action 
needed. At the end of this 2-month period, the applica- 
tion must either be released to the Publishing Division or 
^ be withdrawn from issue. 
IjkfiJUhS When an application is found claiming an invention 

for which claims are to besuggested to other applications 
already involved in interference, to form another 
interference, the primary examiner, after obtaining the 
consent of the administrative patent judge in charge of 
the interference, borrows the last named applications 
from the Service Branch of the Board of Patent Appeals 
and Interferences. In case the application is to be added 
to an existing interference, the primary examiner need 
only send the application and form PTO-850 (illus- 
trated in MPEP § 2309.02) properly filled out as to the 
additional application and identifying the interference, 
to the administrative patent judge in charge of the inter- 
ference who will determine the action to be taken Also 
see MPEP § 2342 and § 2364.01. 

11 23.08 Suggestion of Claims -Application in Issue 

TfosappUcationh^ 
potential interference based on the claims suggested in this action. 

Examiner Note: 

fo m I? C0nfli f ,i "6 ^cation is in issue, it should be withdrawn using 
fom, paragraphs 10.01 or 10.02 prjoi to suggesting claims for interfer? 

encc. 

Lthf^ 

H 23.19 Foreign Priority Not Substantiated 

ShouWappHc^ 
35 U.S.C 119(a)-(d) prior to declaration of an interference a 
tanslation ,of the foreign application should be submitted under37CFR 
1.35 in reply to this action. 

Examiner Note: 

frorn 1 ?r ragraph T y be USCd When claims *"> jested to applicant 
from either an appl.cat.on or a patent and applicant has a clam, for 
pnonty, but has not filed a translation of the priority document 
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37 CFR 1.606. Interference between an application and a pat- 
ent; subject matter of the interference. 

Before an interference is declared between an application and an 
unexpired patent, an examiner must determine that there is interfering 
subject matter claimed in the application and the patent which is 

patentabletotheapplicantsubjectwajudgmentiniheinterference The 
interfenng subject matter will be defined by one or more counts The 
appl.cat.on must contain, or be amended to contain, at least one claim 
tha t is patentab e over the prior art and corresponds to each count. The 
claim ,n theapphcation need notbe, and most often will not be, identical 
to a cla.ni m the patent. All claims in the application and patent which 



define the same patentable invention as a count shari 
correspondtothecount At the time an interference! 
(§ 1.611), a count shall not be narrower in scope th 
claim that is patentable over the prior art and desiena 
to the count or any patent claim designated to corrLsB 
Any angle patent claim designated to correspond to^ 
presumed, subject to a motion under § 1.633(c) riot $ 
patentable inventions. " 

An interference may be declared betw 
tion and a patent if the application and patg 
ing the same patentable invention, as defirf 
1.601(n), and at least one of the applicant's 
invention are patentable to the applicant^ 
one of the applicant's claims must be pateq 
terference between an application and a bate 
be declared if: — 

(A) The patent is a reference again! 
tion under 35 U.S.C. 102(b)/103; 

(B) The applicant's claims are no : 
the application disclosure, or otherwise^ d" 
with35U.S.C.112; 

(C) The applicant was not claiming 
substantially the same invention as claimed ' 
within 1 year after the date on which thd 
issued (35 U.S.C. 135(b); see also MPEP § ^ 

(D) The patent is a reference against? 
tion under 35 U.S.C. 102(e)/103, unless tMJg 
filed a showing under 37 CFR 1.608.!'" 
§ 2307.02 concerning the rejection of cl 
application-which correspond to claims of f 

Since the claims of a patent may not be alt 
by reissue or reexamination), the applican, 
the same patentable invention as is claii£ 
more claims of a patent in order to proved 
ence with the patent. The fact that the pat. 
close subject matter claimed by the applicant 
sis for interference if the patent does not cT 
ject matter. ' 

The counts of the interference are form 
sentiahy the same manner regardless of whe 
patent is involved. As stated in 37 CFR1 jl 
count shall define a separate patentable 
Therefore, instead of having the same nunf 
as copied patent claims, the examiner dejl 
many separate patentable inventions are cT 
applicant and the patentee. When the interg 
clared, there will be only one count for eacfiH 
entable invention, with all the claims of the 
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ter either is mailed from the Patent and 
ce. Additionally, the permanent record 
the appropriate patent number and the 
oiber. This record could be a separate 
' CFR 1.607(d) notices sent to patentees 
Hate identification of the patent and ap- 

V a 37 CFR 1.607(d) notice (Form para- 
is prepared by a person in the group having 
Jver the application attempting to provoke 
nee with a patent. The original is placed of 
e patented file, one copy is sent to the paten- 
L 6ntry is made in the permanent group record 
41607(d) notices. If a final decision is made 
rference will be declared, a primary examiner 
Ind sign a 37 CFR 1.607(d) notice (Form 
21). 

1 al of this notice is entered of record in the 
"e; one copy is sent to the patentee, and 
try is made in the permanent record for 
"7(d) notices. If an interference is to be insti- 
eclaration of interference notice will be sent 
'strative patent judge and no additional form 
by the examiner. 

^the permanent record for 37 CFR 1.607(d) 
eludes identification both of the patent and ap- 
the patentee cannot and should not be given 
tion concerning the party or application at- 
provoke an interference unless and until an 
ce is declared. 35 U.S.C. 122. 
!i 

ferference Between an Application 
d a Patent; Prima Facie Showing 
Applicant 

t Interference between an application and a pat- 
vie showing by applicant 
When the effective filing date of an application is three 
less after the effective filing date of a patent, before an 
Will be declared, either the applicant or the applicant's 
Jgent of record shall file a statement alleging that there is a 
#hich the applicant is entitled to a judgment relative to the 

iyhen the effective filing date of an application is more than 
;.^ aftcr the eff ective filing date of a patent, the applicant, 
Interference will be declared, shall file evidence which may 
patents or printed publications, other documents, and one or 
. ts which demonstrate that applicant is prima facie entitled 
J!? relative to tne patentee and an explanation stating with 
the basis upon which the applicant isprima facie entitled to 
t Where the basis upon which an applicant is entitled to 
rve to a patentee is priority of invention, the evidence shall 



include affidavits by the applicant, if possible, and one or more 
corroborating witnesses, supported by documentary evidence, if avail- 
able, each setting out a factual description of acts and circumstances 
performed or observed by the affiant, which collectively would prima 
facie entitle the applicant to judgment on priority with respect to the 
effective filing date of the patent. To facilitate preparation of a record 
(§ 1 .653(g)) for final hearing, an applicant should file affidavits on paper 
which is 21.8 by 27.9 cm. (8 1/2x11 inches). The significance of any 
printed publication or other document which is self- authenticating 
within the meaning of Rule 902 of the Federal Rules of Evidence or 
§ 1.671(d) and any patent shall be discussed in an affidavit or the 
explanation. Any printed publication or other document which is not 
self-authenticating shall be authenticated and discussed with particu- 
larity in an affidavit Upon a showing of good cause, an affidavit may be 
based on information and belief. If an examiner finds an application to be 
in condition for declaration of an interference, the examiner will consider 
the evidence and explanation only to the extent of determining whether a 
basis upon which the application would be entitled to a judgment relative 
to the patentee is alleged and, if a basis is alleged, an interference may be 
declared. 

Under 37 CFR 1.608, an applicant seeking to provoke 
an interference with a patent is required to submit evi- 
dence which demonstrates that the applicant is prima 
facie entitled to a judgment relative to the patentee. Evi- 
dence must be submitted when the effective filing date of 
the application is more than 3 months after the effective 
filing date of the patent. The evidence may relate to pat- 
entability and need not be restricted to priority, but if 
the evidence shows that the claims of the application are 
not patentable, the claims in the application will be re- 
jected. The applicant can file a request for reexamina- 
tion of the patent, if applicable. 

2308.01 Patent Has Filing Date Earlier 
Than Application 

When an applicant attempts to provoke an interfer- 
ence with a patent, the examiner must determine the ef- 
fective filing dates of the application and of the patent; 
only the patent's effective United States filing date will 
be considered. Any claim of foreign priority by the pat- 
entee under 35 U.S.C. 119 will not be taken into account 
when determining whether or not an interference should 
be declared, in order to be consistent with the holding in 
In re Hilmer, 359 F.2d 859, 149 USPQ 480 (CCPA 1966), 
that the effective date of a United States patent as a refer- 
ence is not affected by the foreign filing date to which the 
patentee is entitled under 35 U.S.C 119. If the patentee 
is determined to be entitled to the benefit of a prior 
United States application as to claimed subject matter 
involved in the interference, that application must be 
listed on the PTO-850 form (see MPEP § 2309). 
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